In symmetric nuclear matter and stable nuclei one uses very often strictly phenomenological approaches, both in non-relativistic and relativistic formulation. In this contribution, a fully microscopic approach to nucleon-nucleon (N N ) interactions in symmetric and asymmetric nuclear matter and extensions to hypernuclear matter will be discussed. Dirac-Brueckner theory is used to derive inmedium interactions [1] from well established free-space NN meson exchange potentials. By means of the Density Dependent Relativistic Hadron (DDRH) field theory [2, 3] the nuclear matter results for the in-medium interactions are used in a theoretically well defined approach in calculations for infinite nuclear matter, neutron stars and ground states of finite nuclei [3, 4] and hypernuclei [5].
Density Dependent Hadron Field Theory
In symmetric nuclear matter and stable nuclei one uses very often strictly phenomenological approaches, both in non-relativistic and relativistic formulation. In this contribution, a fully microscopic approach to nucleon-nucleon (N N ) interactions in symmetric and asymmetric nuclear matter and extensions to hypernuclear matter will be discussed. Dirac-Brueckner theory is used to derive inmedium interactions [1] from well established free-space NN meson exchange potentials. By means of the Density Dependent Relativistic Hadron (DDRH) field theory [2, 3] the nuclear matter results for the in-medium interactions are used in a theoretically well defined approach in calculations for infinite nuclear matter, neutron stars and ground states of finite nuclei [3, 4] and hypernuclei [5] .
In DDRH field theory interactions of baryons in a nuclear environment are described by density dependent meson-baryon vertices. They are introduced as functionals depending on Lorentz-scalars of the baryon field operators. In this way correlations and many-body effects are taken into account in an elegant and transparent formulation [3] by a Lagrangian L = L B + L M + L int with baryonic (L B ), mesonic (L M ) and interaction (L int ) parts which for nonstrange systems is:
Basic principles as the covariance of the field equations and thermodynamical consistency are retained. An important contribution are rearrangement terms obtained by the variational derivation of the field equations [2, 3] . The resulting field equations are solved in mean-field approximation. The formulation is held general allowing for the flexibility required for a unified description of interactions within flavour multiplets. For baryon octet physics this means to include isospin and strangeness exchange channels as described by the pseudo-scalar and vector meson octets (or, more precisely, nonets). In addition, a more hypothetical nonet of scalar mesons with S = 0, ±1 is required. For S = 0 the physically closest realization realized is possibly found in the (low energy) f 0 spectrum. In practice, the vertex functionals are obtained from Dirac-Brueckner theory. The in-medium K-matrix K is represented in terms of renormalized meson exchange potentials [3] K(q , q|q s , k F ) = m z m (q s |k F )V m (q , q) .
As shown in [3] the renormalization factors z m are in fact determined by the underlying interactions. In Fig.1 results for the in-medium vertices Γ 2 (ρ) = z(k F )g 2 are shown. Generally, the interaction strengths decline with increasing density, except in the scalar-isoscalar δ/a 0 (980) channel showing a more complicated behavior. The DDRH the- Figure 1 : DDRH in-medium interactions.
DiracBrueckner vertices for the mean-field producing meson field are shown [3] .
ory provides a parameter-free and successful scheme for interactions in nuclear environments once the free space NN interaction is chosen. Calculations for symmetric and asymmetric nuclear matter, binding energies of nuclei and hypernuclei reproduce data rather well and have shown their potential for predictions in the unexplored mass regions up to neutron stars. [3, 4] . More recently, the approach has been used by several groups on a phenomenological level by assuming functional forms and adjusting the parameters in data fits, e.g. [6] .
We have derived a microscopic relativistic pointcoupling model of nuclear many-body dynamics constrained by in-medium QCD sum rules and chiral symmetry [1] . The effective Lagrangian is characterized by density dependent coupling strengths, determined by chiral one-and two-pion exchange and by QCD sum rule constraints for the large isoscalar nucleon self-energies that arise through changes of the quark condensate and the quark density at finite baryon density. In comparison with purely phenomenological mean-field approaches, the builtin QCD constraints and the explicit treatment of pion exchange restrict the freedom in adjusting parameters and functional forms of density dependent couplings. It is shown that chiral (two-pion exchange) fluctuations play a prominent role for nuclear binding and saturation, whereas strong scalar and vector fields of about equal magnitude and opposite sign, induced by changes of the QCD vacuum in the presence of baryonic matter, generate the large effective spin-orbit potential in finite nuclei.
The model is defined by the Lagrangian density
with the four terms specified as follows:
This Lagrangian (1)- (5) is understood to be formally used in the mean-field approximation, with fluctuations encoded in density-dependent couplings G i (ρ) and D i (ρ). Combining effects from in-medium QCD condensates [2] , where the ratio of scalar and vector nucleon self-energies at the leading order is:
and pionic fluctuations encoded in G
S,V , determined within in-medium Chiral Perturbation Theory [3] , the strength parameters of the isoscalar four-fermion interaction terms in the Lagrangian (1) are: The neutron and proton single-particle energies are reproduced, respectively, in comparison with the corresponding experimental levels in Fig. 1 . We have demonstrated that an approach to nuclear dynamics, constrained by the chiral symmetry breaking pattern and the condensate structure of low-energy QCD, can describe properties of finite nuclei, at a quantitative level comparable with the best phenomenological relativistic and non-relativistic mean-field models. This is a promising result which opens perspectives of bridging the gap between basic features of low-energy, non perturbative QCD and the rich nuclear phenomenology.
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Nuclear structure calculations in FMD
(1)
The single-particle wave functions are described by Gaussian wave packets localized in phase-space
The FMD many-body state is obtained by varying the energy with respect to all single-particle parameters (Variation/V). The many-body state can be intrinsically deformed and has to be projected to good angular momentum (Projection after Variation/PAV). An improved description is obtained by minimizing the energy of the projected many-body state (Variation after Projection/VAP). We perform VAP calculations in the sense of the Generator Coordinate Method. The energy of the (unprojected) many-body state is first minimized under certain constraints. The energy of the projected many-body states is then minimized with respect to the constraint parameters. A further improvement is achieved by diagonalizing the Hamiltonian in a set of projected FMD states (Multiconfig).
An effective interaction derived from the realistic Bonn interaction is used. With the Unitary Correlation Operator Method [2] we explicitly include the short-range correlations induced by the repulsive core and the tensor force. The correlated interaction is then a low-momentum interaction that can be used directly in the many-body spaces of the FMD. An additional 15% two-body correction term to the correlated interaction that simulates the effects of missing three-body forces and three-body correlations is fitted to reproduce the binding energies and radii of 4 He, 16 O, 40 Ca, 24 O and 48 Ca. Within this framework we are able to calculate the properties of stable and exotic nuclei in the p-and sd-shell. This is illustrated in the following for 12 C. Further examples including the neutron rich He isotopes can be found in [1] .
Varying the intrinsic energy of the FMD state (V) results in a spherical shell model many-body state as depicted in Fig. 1 where the FMD state is restricted to be of α-cluster type (VAP α-cluster) we obtain a triangle configuration that is higher in energy than the shell model configuration. 3 He atoms, nuclear forces are complicated due to the large non-central spin-orbit and tensor components. Here, we report on the in-medium modification of the effective nucleon-nucleon interaction, paying particular attention to spin-dependent forces [1] .
Tensor correlations and P-wave pairing in neutron matter
The form of the two-body interaction in vacuum is constrained by symmetries. In particular, in non-relativistic theories, Galilean invariance implies that the two-body interaction is independent of the particle-pair (cm) momentum P ≡ p 1 + p 2 = p 3 + p 4 . In this case, the possible operators are scalar, spin-spin, spin-orbit, tensor and quadratic spin-orbit forces. In the medium, the Fermi sea defines a preferred frame, and the effective two-body interaction depends on the cm momentum. On the Fermi surface, this leads to novel non-central forces of the form (3) with q ≡ p 1 − p 3 and q ≡ p 1 − p 4 . The antisymmetric operators D 12 and A 12 do not conserve the spin of the particle pair. Both cm tensor and A 12 survive in the Landau (q → 0) limit and lead to novel Fermi liquid parameters.
In [1] , we have studied the microscopic origin of these interactions. We have also computed particle-particle, holehole (pp/hh) and particle-hole (ph) contributions to the quasiparticle interaction and scattering amplitude to second order in the low-momentum interaction V low k [2] . It is well-known that the second-order tensor force is important for nuclear binding, since the spin-recoupling of iterated tensor operators gives a large contribution to the scalar interaction. Similar recoupling arguments imply that the interference of the large spin-spin part (G 0 ≈ 0.6 − 0.8 in neutron matter) with the tensor force in the ph channels leads to a substantial renormalization of the tensor interaction [3] . (Similarly, we also find a significant renormalization of the spin-orbit force; this leads to the suppression of P-wave pairing discussed below.) Moreover, the presence of a third particle in intermediate states induces novel contributions, which give rise to a particular coupling between the spin and the angular motion and leads to antisymmetric spin operators. The cm tensor emanates from both pp/hh and ph diagrams. There are also kinematical (boost) corrections to D 12 and A 12 [4] , which however are relatively small (of order k 2 F /m 2 ). We find a substantial renormalization of the exchange tensor S 12 (q ) as well as significant contributions to the cm tensor. This implies that higher-order calculations, e.g., within the RG approach [3] , are needed. We also explore the effect of particle-hole screening on the 3 P 2 pairing gap in neutron star interiors. As for the S-wave gaps [3] , large effects are expected. In weak coupling BCS theory, neglecting the coupling to the
3 P2 . As shown in Fig. 1 , the in-medium modification of the spin-orbit force leads to a significant reduction of the 3 P 2 gap. Note that when only central induced forces are included (dotted vs. dashed line), the gap is increased [6] . Neutron star cooling calculations require P-wave gaps below ∆ 30 keV [7] .
Implications of the new interactions for nuclear spectra, for spin-isospin response and neutrino transport in supernovae, for spin-polarized systems, spin relaxation, mixing of spin and density waves, and for scattering with polarized beams remain to be investigated. The exploration of nuclear shell structure is still a subject of great current interest, particularly in view of new information gathered by experiments with radioactive beams, see e.g. [1, 2] . A key feature are shell closures relative to the appearance of magic or semi-magic nuclei. A theoretical exploration of the proton shell closure in Pb isotopes was published in [3] . Here we want to present first results from a similar study for the chain of Sn isotopes.
Shell Gaps in the Sn Isotopes
The notion of a shell closure comes from a mean-field description where one has full insight into the single-nucleon energies k . A shell closure is associated with a large gap in the spectrum of k . However, these single-nucleon energies are not directly observable in experiment. A quantity which is accessible from mass systematics is the so-called two-proton shell gap
(
In case that the single-particle energies do not change much within the three isotones considered and that the change in the total binding energy comes from the variation of occupations around the Fermi surface, Koopman's theorem states that δ 2p represents twice the gap in the single-nucleon spectrum. This requires, however, that no dramatic rearrangements happen amongst the three nuclei involved in δ 2p . In the following, we will investigate the impact of such rearrangements. To that end, we employ a self-consistent mean-field description in terms of SkyrmeHartree-Fock eventually with some correlations added. The theoretical description is handled at several levels of refinement. We start from purely spherical calculations mean-field for all involved nuclei. This minimizes rearrangement effects and comes close to the situation assumed in Koopman's theorem. In a second step, we allow for deformations. Most nuclei will sty spherical. But the softer ones may prefer a spontaneous transition to deformed shape. Soft systems, however, are not well deformed either. The fluctuate through a whole landscape of deformations. This gives rise to collective correlation effects which we include in the third and last step of our treatment (for details see [4] ). Figure 1 shows results for the two-proton shell gap along the chain of Sn isotopes, computed with the Skyrme force SkI3 [5] at the three levels of approximation as discussed above. The spherical calculations produce a more or less constant gap with a slight trend to increase towards decreasing neutron number. This feature agrees in value and trend nicely with the spectral gap at the Fermi energy found in the single-proton spectra of the Sn isotopes. But the spherical results are far from the experimental values. The same happened in the Pb isotopes [3] . The point is that the δ 2p involves the Z ± 2 nuclei which have no magic shell any more. Thus they are much softer and often develop some deformation. This lowers the energies Exp.
Figure 1: The two-proton shell gap δ2p as defined in eq. (1) calculated for the Skyrme interaction SkI3 at various levels of approximation: circles = purely spherical mean field, diamonds = deformed mean field, triangles = deformed mean field plus collective correlations, boxes = experimental values.
E(Z ± 2, N) as compared to their spherical values while the magic isotopes stay spherical and their E(Z, N ) remains unchanged. it is obvious that this rearrangement of the Z ± 2 neighbors will reduce the two-proton shell gap. And that is seen nicely in figure 1. All nuclei near the magic neutron number stay spherical and the freedom to deform is not exploited. Farther away from N = 82 , the neighbors Cd (Z = 48) and Te (Z = 52) develop deformation and we see a substantial reduction of δ 2p from that. Even though, the deformed results are still far from the experimental values. Finally, we invoke the collective correlations which is, in fact, the correct treatment of the soft nuclei next to Sn. This provides nicely a further push towards the experimental values. There remains, however, still some mismatch. It is not feature of this particular force SkI3. The same results is found with several other Skyrme forces and it hints at further correlation effects, yet missing. Charge distributions in nuclei have been measured with extremely high precision since many years and they provide an essential tools for our understanding of atomic nuclei. It is much more difficult to measure the distribution of neutrons. Therefore this quantity is at present in the center of many theoretical and experimental investigations. It places important additional constraints on effective interactions used in nuclear models. Various experimental methods have been used, or suggested, for the determination of this quantity, but no existing measurement of neutron densities or radii has an established accuracy of one percent.
Spin-Isospin Resonances and the Neutron Skin of Nuclei
We suggest a new method for determining the difference between the radii of the neutron and proton density distributions along an isotopic chain, based on measurement of the excitation energies of the Gamow-Teller resonances relative to the isobaric analog states.
Collective spin and isospin excitations in atomic nuclei have been the subject of many experimental and theoretical studies. Nucleons with spin up and spin down can oscillate either in phase (spin scalar S=0 mode) or out of phase (spin vector S=1 mode). The spin vector, or spinflip excitations can be of isoscalar (S=1, T=0) or isovector (S=1, T=1) nature. These collective modes provide direct information on the spin and spin-isospin dependence of the effective nuclear interaction. Especially interesting is the collective spin-isospin oscillation with the excess neutrons coherently changing the direction of their spins and isospins without changing their orbital motion -the Gamow-Teller resonance (GTR) J π = 1 + . The simplest charge-exchange excitation mode, however, does not require the spin-flip (i.e. S=0) and corresponds to the well known isobaric analog state (IAS) J π = 0 + . The spinisospin characteristics of the GTR and the IAS are related through the Wigner super multiplet scheme, which implies the degeneracy of the GTR and IAS. The Wigner SU(4) symmetry is, however, broken by the spin-orbit term of the effective nuclear potential.
It is implicit, therefore, that the energy difference between the GTR and the IAS reflects the magnitude of the effective spin-orbit potential. In Ref. [1] the framework of relativistic mean field theory was employed in an analysis of the isospin dependence of the spin-orbit term of the effective single-nucleon potential for light neutron-rich nuclei. It was shown that the magnitude of the spin-orbit potential is considerably reduced in neutron-rich nuclei.
We found a direct connection between the increase of the neutron-skin thickness in neutron-rich nuclei, and the decrease of the energy difference between the GTR and the IAS [2] . The calculation is performed in the framework of the fully self-consistent RHB plus proton-neutron relativistic QRPA model. The RHB model represents a relativistic extension of the Hartree-Fock-Bogoliubov framework, and it provides a unified description of particle-hole (ph) and particle-particle (pp) correlations, that is essential for a quantitative analysis of ground-state properties and multipole response of unstable, weakly-bound nuclei far from the line of β-stability [3] .
In Fig. 1 the calculated and experimental energy spacings between the GTR and IAS are plotted as a function of the calculated differences between the rms radii of the neutron and proton density distributions of even-even Sn isotopes. The calculated radii correspond to the RHB NL3+D1S self-consistent ground-state solutions, on which the proton-neutron RQRPA calculations are performed. We notice a remarkable uniform dependence of the energy spacings between the GTR and IAS on the size of the neutron-skin. In principle, therefore, the value of r n − r p can be directly determined from the theoretical curve for a given value of E GT − E IAS . This method is, of course, not completely model independent, but it does not require additional assumptions. Since the neutron-skin thickness is determined in an indirect way from the measurement of the GTR and IAS excitation energies in a sequence of isotopes, in practical applications at least one point on the theoretical curve should be checked against independent data on r n − r p . The separation of the longitudinal and transverse responses in quasielastic electron scattering at intermediate values of momentum transfer has been firstly achieved in 1980 [1] . Subsequent theoretical studies [2] have found that the experimentally observed reduction of the longitudinal response function with respect to Fermi-gas model prediction may be a result of the existence of nuclear correlations. Essential result obained in these studies [2] 
where 
with f (∆ 2 ) denoting the electric and magnetic form factors of the proton and neutron (assumed to be all equal). In impulse approximation, the electron interacts with one single nucleon or nucleon cluster while leaving the rest of the nucleus as a spectator. Hence, the energy-conservation δ function reduces, respectively, to δ( 
Here, φ is the angle between the momentum p of the active nucleon (or nucleon cluster) and the momentum transfer q. The ρ(p) is the momentum-space density distribution. In our calculation, we do not use the Fermi gas model. Instead, we use the density distribution given by the BDCM [5] that takes fully into account the nuclear core excitation and reproduces the measured energy levels of the nucleus. We define the longitudinal and transverse nuclear reponses, respectively, as S L = F 2 C and S T = F 2 T and we are interested in the longitudinal-to-transverse ratio defined by
The removal of the kinematic singularity allows the nuclear structure effect to be more clearly revealed. In Fig.  1 we show calculations for 6 Li. Since what is of interest is the density distribution of the valence pn pair, we propose to consider the (e,e'd) process. The selection of this deuteron channel has also the added benefit of cutting down background events. As we can see from the figure, the configuration mixing causes the reduction of R. This reduction indicates that the core excitation (responsible for the halo formation) decreases the relative importance of S L . Our result is in agreement with the findings of Ref. [2] . In conclusion, the quasielastic scattering can be used to probe the dynamics of nuclear correlations. While this dynamics can only be probed at very large momentum transfers (of the order of several GeV/c ) in elastic scattering (e,e), it can already be studied in quasieleastic scattering at moderated momentum transfers (of the order 100 MeV/c). In addition, the elastic scattering probes all the nucleons in a nucleus while the quasielastic scattering can be channeled to probe selected nuclear clusters. The ratio of response functions is a prefered observable as it minimizes the final-state distortion effects. The use of R as observable is further preferable as it does not contain singularities of kinematical origin. Exotic nuclei have been studied extensively in recent years by electromagnetic excitation with the help of the Coulomb breakup method. These unstable nuclei are weakly bound and the excitation process readily leads to a breakup of the projectile into fragments at intermediate to high beam energies. Electromagnetic transitions to the continuum with large strength at low energies are observed. For a recent review see Ref. [1] .
Final-state effects in the electromagnetic breakup of exotic nuclei
Experiments are usually analyzed in first order theories with simple structure models. However, the effects of the final-state interaction (FSI) between the fragments and between target and fragments have to be assessed in order to obtain reliable information from experimental data. The final state of the breakup process with at least three particles is a complicated system. Various theoretical methods have been developed to study final-state effects.
The FSI between target and fragments destroys the simple factorization of the cross section into contributions from nuclear structure and the excitation process in first-order theories. Higher-order effects from the targetfragment interaction can be included in the semiclassical approach by extending time-dependent perturbation theory to higher orders or by applying the sudden approximation The most general approach is studying the time evolution of the projectile system by coupled-channel calculations or by solving the time-dependent Schrödinger equation (dynamical calculation).
A prime example is the well-studied breakup of the halo nucleus 8 B into a proton and 7 Be with a very small proton separation energy S p = 0.137 MeV. E1-E2 interference leads to a marked asymmetry of longitudinal momentum distributions at low beam energies. Higher-order effects that were considered in a dynamical calculation reduce this asymmetry and require an increased E2 strength as compared to a simple potential model in order to describe the experimentally observed asymmetry [2] . The Coulomb breakup of 8 B was also used as an indirect method to extract the astrophysical S factor S 17 (E) of the radiative capture reaction 7 Be(p,γ) 8 B [3] . Higher-order effects of the target-fragment interaction lead to a reduction of the dissociation cross section. High projectile energies and large impact parameters reduce the effect considerably. A dependence of the S factor on the fragment-fragment FSI is also found in this case. It affects the extrapolation of measured S 17 (E) values to zero energy [3] . The FSI is also relevant for the ANC method where the zero-energy S factor is calculated theoretically using ground-state asymptotic normalization coefficients that were experimentally determined from transfer or nucleon-removal reactions [4] . The sensitivity of the zero-energy S factor on the potential strength increases with S p .
For neutron+core nuclei the dependence of the finalstate effects on characteristic quantities of the system is found from simple but realistic models that can be solved analytically [5] . Matrix elements for electric multipole transitions to the continuum are determined by the asymptotics of the wave functions in the initial and final state. The reduced transition probability exhibits a characteristic universal shape when expressed in terms of the relevant parameters. The effective-range expansion of the phase shifts motivates the introduction of reduced scattering lengths in order to include effects of the fragment-fragment interaction in the model [6] .
An increase of the strength of the FSI between the fragments from zero to realistic values leads to a significant variation of the shape of the reduced transition probability. These results are corroborated in more realistic calculations with simple potential models for n+core systems (see Fig. 1 for the case of 11 Be with a 2s 1/2 neutron and a separation energy of S n = 0.504 MeV in the ground state). The sensitivity of the transition probability on the fragment-fragment FSI increases with the neutron separation energy. For n-halo nuclei with small neutron separation energy plane-wave calculations neglecting the fragment-fragment interaction give similar results like calculations with realistic values of the potential. Considering high energy electrons as a probe it is worth noting previous attempts to extract information on cluster structure [1] . The role of cluster configurations in the nucleus was investigated in [2] . In [1] authors used nucleon gaussian trial wave functions in the s-state to calculate cluster wave function. Only in this case, when momentum transfer is high it is possible to factorize the formfactor. In general formfactors cannot be factorized. However the first attempt to factorize charge formfactor was done by R. Helm [3] . He used a folded charge distribution given by
Factorization of charge and nuclear formfactors for clusterized nuclei
When Eq. (1) is substituted in the expression of formfactor:
it follows that
where F 0 and F 1 result from the substitution of ρ 0 and ρ 1 respectively, in Eq. (2):
ρ 1 (r) had the gaussian form
In his review [4] Ueberall considers the value in Eq. (5) as "smearing", because the transition charge density must be concentrated on a shell of about nuclear radius, in the form of delta-function smeared by convolution in Eq. (1). Helm's model represents the transition moments of ρ 0 (r) as spherical shells at a radius R,
with a strength parameter to be fitted by experiment. The reduced matrix element reads
If we consider a nucleus consisting of α-particles, the formfactor (spherical Bessel function) represents a spherical shell made of α-particles. This result has been obtained considering high energy electrons scattered on fullerenes [5] 
where F A (q) is the formfactor of a single carbon atom and n(q) is the formfactor of the carbon atomic concentration. We considered the model when alpha-particles lie whithin some surface shell. To certain extent this is a variant of the surface well model [6] . Assuming the quasicristaline structure of alpha-particles in nuclei we considered two possible types of alpha-particle density distribution, namely surface and volume distributions. In the first case the formfactor will be proportional to the Bessel function of order zero j 0 in the second case it will be the Bessel function of order one j 1 . In FIG. 1 one can see scattering of electrons on 12 C, 28 Si, 32 S, 24 Mg. At lower energies the surface distribution of alpha-particles in light nuclei is favorable. The Bessel function of order zero oscillates with the period q = 2π/R, where R is the nuclear radius.
We have used the factorized formfactors for clusterized light nuclei assuming the alpha-particle density take the gaussian form. It is necessary to stress that in the microscopic approach charge densities of 12 C were derived by folding the finite proton size determined by gaussian [7] . Factorized formfactors give us a possibility to scan nuclear surface and some intrinsic layers of a nucleus. Effects of target and projectile deformation on the shell corrections are calculated within the deformed two-center shell model [1, 2] . The deformed two center oscillator potential which assures equipotentiality on the surface of the two intesected nuclei reads:
Deformation influence on cold fusion reactions
(1) where v 1 and v 2 are the space regions where the two potentials are acting. The frequencies are shape dependent, thus one obtains from volume conservation and mass dependency of ω the relations:
(2) In this way the two center oscillator potential for fusion like shapes follows the changes of the two spheroidal partner deformations.
In order to find out each of the space regions v 1 and v 2 , we rely on the assumption that the pass from V 1 to V 2 must be smooth; hence no abrupt cusp in the potential value has to exist between v 1 and v 2 . If the two regions comply to this condition, they have to be bordered by the same surface. Such a surface is the solution of the following matching condition between V 1 (ρ, z) and V 2 (ρ, z):
Eq. (3) describes an ellipsoidal surface. On any of its points the two potentials, V 1 and V 2 , match eachother. The total Hamiltonian of the system is:
where V Ωs and V Ω 2 are the spin-orbit and the squared angular momentum interaction potentials. The spin-orbit operator is calculated as usual using creation and anihilation components:
where:
In this way the angular momentum dependent operators are also shape-dependent. Details of calculation and matrix element formulae are given in [1, 3] .
The superheavy synthesis reaction U+ 48 Ca → 112 has been analyzed for different isotopes of uranium spanning continuously the spheroidal target deformation. In Fig. 1 the level schemes (uppper plot) and the shell effects for protons E ( shell p) and total E shell are drawn. Differences are visible for the higher energy levels. Until the last part of the overlapping almost no difference exists within the proton shell correction. Divergence in the curve behaviour appears at the end of the fusion process. The two branches in E shell correspond to the two proton level scehme deformations of Z=112 (where the ratio of spheroid semiaxes is χ = 0.89 and χ = 1). The total shell correction E shell follows the same behaviour slightly lowering the 232 U reaction shell correction in the first part of the process. Shell correction values less than those corresponding to sphere suggest a more deformed ground state for 112 isotopes than those taken into account here. The shapes during a fission process from one parent nucleus to the two final fragments, have been studied either statically (looking for the minimimum of potential energy), or dynamically (by choosing a path with the smallest value of action integral).
In a static approach, the equilibrium nuclear shapes are determined by minimizing the energy functional on a class of trial functions representing the surface equation. The required number of independent shape parameters may be as high as nine values. We derived a method allowing to obtain a very general reflection asymmetric saddle point shape as a solution of an integro-differential equation without a shape parametrization apriori introduced [1, 2] . This method [3] allows to obtain straightforwardly the axially symmetric surface shape for which the liquid drop energy, E LDM = E s + E C , is minimum. By taking into account the shell corrections, δE, it was possible to obtain minima at a finite value of the mass asymmetry parameter [2] .
The deformation energy increases with the massasymmetry parameter η = (A 1 − A 2 )/(A 1 + A 2 ), as is illustrated in Fig. 1 , where η is replaced by an almost linear dependent quantity (d L − d R ) expressed in units of R 0 -the radius of a spherical nucleus with the same volume. In this way the well known fission fragment mass asymmetry can not be explained. By adding the shell corrections δE, E def = E LDM +δE, one can obtain the minima shown in Fig. 2 . The hybrid macroscopic-microscopic method can be successfully applied to study nuclear fission phenomena by adding, in a statical approach, to the liquid drop model deformation energy, E LDM , a small shell plus pairing correction, δE = δU + δP , which is obtained from a microscopic model by using the Strutinski's procedure [1] . In order to describe the dynamics one needs to know the tensor of inertial coefficients, B ij , which can be computed either phenomenologically (within irrotational hydrodynamics [2] or Werner-Wheeler approximation [3] ) or microscopically -with the Inglis's cranking model [1, 4] . In a realistic two center shell model the cranking inertia have to be computed numerically. As an intermediate stage, allowing to test complex computer codes one should develop, we present a simplified case of a spheroidal harmonic oscillator (the simplest Nilsson model) without spinorbit interaction, for which an analytical result may be obtained. There is one deformation parameter expressed as ε = 3(c − a)/(2c + a) in terms of semiaxes a, c.
The eigenvalues [5] , in units ofhω
MeV, and the eigenfunctions [4] of the spheroidal harmonic oscillator are given by:
where the quantum numbers n z , n r = 0, 1, 2, .. On the other hand the potential V (η, ξ; ε) = (hω ⊥ η + hω z ξ 2 )/2 derivative is given by
where
For a single deformation parameter the inertia tensor becomes a scalar
where E ν , v ν , u ν are the BCS quasiparticle energies and occupation probabilities for quasiparticles and holes, and the summation is performed over the whole number of states ν, µ around the Fermi level, which are considered in pairing interactions. The contribution of the neutron level scheme is added to that of proton levels. Finally, in order to obtain B ε in units ofh 2 /MeV, one has to add b ε = b ε1 + b ε2 + b ε3 by multiplying each term with δ n r nr δ m m 9/4 and the result should be divided bȳ hω
Results for 240 Pu are presented in figure 1 . 
Does localization occur in collective nuclear motion?
S. Yan * and W. Nörenberg GSI Large-amplitude collective nuclear motion is frequently described by a collective Hamiltonian [1] , where the mass parameter is determined within the cranking approximation while the potential energy is defined by the groundstate expectation value of the many-body Hamiltonian as function of the collective variable q. However, due to quasicrossings of levels the mass parameter exhibits large fluctuations as function of q. These fluctuations become dramatic if the collective motion in excited adiabatic states is considered. The reason is that the number of quasicrossings of many-body levels becomes extremely large.
We have studied this complexity of collective motion within the diabatic description [1, 2] , where the singleparticle wavefunctions are smoothly varying as function of q. Every diabatic many-body configuration, defined by a Slater determinant (Fock state) of diabatic single-particle states, exhibits a minimum in the energy as function of q, which determines the ground state of this diabatic configuration. These diabatic many-body states Φ j (q j ) are localized in q and serve as a basis for the description of collective motion. The non-orthogonality of the basis states is not large and would lead to some tails in q-space after orthogonalization.
The local diabatic states are coupled by residual twobody interactions. The eigenstates are determined by diagonalization of the total Hamiltonian. These eigenstates may turn out to be localized around certain q-values or extended over the whole q-space according to the density of states. The occurrence of localization would have significant qualitative and quantitative consequences for observables in large-amplitude collective nuclear motion, e.g. in fusion and fission processes.
We have investigated [3] the occurrence of localization for a schematic diabatic single-particle model with random two-body interactions [4] between the Fock states. The diabatic single-particle levels are equidistant (distance ∆) with constant slopes +a and −a. The magnitude of the non-vanishing two-body interactions are chosen from a Gaussian distribution multiplied with a strength factor λ. Within this model the Fock states are localized at a discrete set of equidistant points q m (distance δ = ∆/a) and are coupled by two-body interactions within a class m and to the neighbouring classes m ± 1 and m ± 2. We treat about 4000 Fock states which cover all states up to about 5∆ excitation energy.
The degree of localization is described by the correlation function Some numerical results are shown in Fig.1 for the correlation function R(∆q, E). We observe localization for small interaction strengths λ. However, with increasing λ the correlation function broadens continuously, indicating that there is a smooth transition to extended eigenstates. From the present study we are not able to perform the thermodynamic limit to macroscopic systems. From a simple scaling estimate we expect that no localization survives in that limit, and hence there is no indication for Anderson localization [5] . On the other hand, Rupp et al. [6] predict localization for our hierachies m of states which have couplings not depending on the hierarchy. This discrepancy may be due to the differences in the coupling schemes and statistical assumptions (cf. [4, 6, 7] ). In [1] we have introduced a collective model which allows to study the bulk and surface modes of a nuclear droplet as function of its density and temperature T . The description is based on the diabatic approach to dissipative collective motion and -in the local density approximation -yields equations of motion for small amplitudes, where the mass and stiffness tensors are obtained analytically. The model is suited to explore systematically characteristic properties of hot nuclear droplets as function of their densities. Dissipation has been included and examined in [2] . This is essential, because realistic values for the relaxation times are of the same order as the characteristic times of collective motion in the region of the liquid-gas phase transition. While the spinodals remain unchanged the growth rates of unstable modes are reduced from their adiabatic (i.e. non-dissipative) values by factors 1/2 to 1/4 in the region of interest.
Isoscalar-isovector instabilities of a hot and dilute nuclear droplet
We have now extended our studies to the inclusion of isovector modes by introducing two independent displacement fields for protons and neutrons, respectively [3] . This approach still allows to obtain analytical expressions for the mass and stiffness tensors and is applicable not only in the region of instability, but also to vibrations of pure as well as coupled isoscalar and isovector modes at arbitrary densities and temperatures.
We have calculated the eigenfrequencies of the coupled isoscalar and isovector vibrations for a soft equation of state using the Skyrme energy functional SLy10 [4] which does not give an unphysical isovector instability at large densities like SkM * . We have chosen the same values for the relaxation time as in [2] . The results are summarized as follows.
-Due to the coupling between isoscalar and isovector modes the lowest eigenmode is pushed down in energy.
-However, the mixing between these modes is small for neutron-to-proton ratios within the drip lines. This is illustrated in the figures. Only for very asymmetric nuclear matter (e.g. relevant in some astrophysical problems) the coupling between isoscalar and isovector modes becomes large [5] . The initial one dimensional density distribution simulating the three dimensional system with α-particle (Ã=4) in the surface region of a large nucleus (A=100) for z 0 = R A . The corresponding velocity distribution in the beginning of evolution (in arbitrary units). an initial density "bump", in the case of large overlapping densities Fig. 1 , and the practically negligible flux at the "touching" distance Fig. 2 . These preliminary results can be considered only as the first estimations. The complete three dimensional calculations are in progress.
